(19) 



J 



EuropSisches Patentamt 
European Patent Office 
Office europgen des brevets 



(11) 



EP 0 813 193 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

17.12.1997 Bulletin 1997/51 

(21) Application number: 96943350.7 

(22) Date of filing: 27.12.1996 



(51) Inta. 6 : G11B7/24 

(86) International application number: 
PCT/JP96/03892 

(87) International publication number: 

WO 97/2471 9 (1 0.07.1 997 Gazette 1 997/30) 



(84) Designated Contracting States: 


• KAGAWA, Masaki 


DEFRGB 


Shinagawa-ku Tokyo 141 (JP) 


(30) Priority: 28.12.1995 JP 344216/95 


(74) Representative: 


MOIler, Frlthjof E., Dlpl.-lng. 


(71) Applicant: SONY CORPORATION 


Patentanwdtte 


Tokyo 141 (JP) 


MULLER & HOFFMANN, 




Innere Wiener Strasse 17 


(72) Inventors: 


81667 MOnchen (DE) 


• NAKAYAMA, Hiroshi 


Shinagawa-ku Tokyo 141 (JP) 





(54) OPTICAL DISK 

(57) An optical disc adapted so that concentricaJ or 
spiral guide grooves are formed at a base and emboss 
shaped pits are molded between these respective guide 
grooves is disclosed. In this optical disc, depth of pit is 
set so that the push-pull signal by the pits is caused to 
have reverse polarity with respect to the push-pull signal 
by the guide grooves. For example, when wavelength of 
reproduction laser beams is X, refractive index of the 
base is n, and track pitch is t, the depth Dp of the pit is 



set so as to foil within the range expressed as 
0.32 X/n js Dp s 0.51 X/h , the width Wp of the pit is set 
so as to fall within the range expressed as 
0.27 1 ^ Wp <; 0.36 1, and the depth Dg and the 
width Wg of the guide groove are respectively set 
so as to fall within the ranges expressed as 
0.0875 X/n £ Dg £ 0.1625 X/n and expressed as 
0.27t<; Wg*0.36t. 
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Description 



Technical Field 



This invention relates to an optical disc including 
guide grooves and pits, and more particularly to 
improvements for obtaining reasonable push-pull sig- 
nals. 

Background Art 

For example, optical discs represented by the so- 
called ISO standard have spiral guide grooves, wherein 
emboss shaped pits are molded (formed) in advance 
between respective grooves at the inner circumferential 
portion or the header portion. 

In such optical discs, the optical pick-up is sub- 
jected to seek operation in the racfial direction of the disc 
to move it to the target track on the basis of tracking 
error signal (so called push-pull signal) from the groove. 
Namely, threshold is set in the vicinity of center value of 
the push-pull signal to detect how many times the push- 
pull signal crosses (traverses) this threshold to thereby 
count the number of tracks to detect the target track. At 
the same time, the target address is detected on the 
basis of an address signal from the emboss shaped pit 
to carry out recording or reproduction of information. 

Meanwhile, in the optical disc where pits in emboss ' 
form are molded in advance between respective 
grooves as described above, the phenomenon that (the 
signal amplitude of) the tracking error signal (so called 
push-pull signal) in the area including pits is reduced to 
one half (1/2) ~ one third (1/3) as compared to the sig- 
nal amplitude in the area comprised of only grooves. 

This is because an approach has been convention- 
ally preferentially employed to take the information sig- 
nal amplitude from the area comprised of only grooves 
as a large value, so the tracking error signal from the 
area including pits is sacrificed. 

Accordingly, when the tracking error signal is 
greatly reduced in the area including pits by phenome- 
non as previously described above, there take place 
inconveniences such that tracking cannot be precisely 
taken and/or any error takes place in the tracking count 
operation. 

Disclosure of the Invention 

An object of this invention is to provide an optical 
disc capable of suppressing decrease of (the signal 
amplitude of) the push-pull signal in the area where 
grooves and pits are mixed. 

To attain the above-described object, an optical 
disc of this invention is directed to an optical disc in 
which concentrical or spiral guide grooves are formed at 
a base (substrate), and pits in emboss form are molded 
between these respective guide grooves, characterized 
in that depth of the pits is set so that a push-pull signal 
by the pits is caused to have reverse polarity with 



respect to a push-pull signal by the guide grooves. 

In more practical sense, when wavelength of repro- 
duction laser beams is X and refractive index of the base 
is n, the depth Dp of the pit is caused to fall within the 
s range expressed as 0.32 X/h £ Dp £ 0.51 X/n . 

In the optical disc, it is preferable that when the 
track pitch is t. the width Wp of the pit is expressed as 
0.27t£ Wp<;0.36t. 

Further, it is preferable that the depth Dg and the 
10 width Wg of the guide groove are respectively 
expressed as 0.0875 Vn <> Dg £ 0.1625 \fn and 
0.27t<£ Wg <;0.36t. 

In this invention, since the depth of the pit is set so 
that H fells within the reasonable range, there is no pos- 
ts sibility that bad influence is exerted on the push-pull sig- 
nal. As a result, e.g., the possibility that any erroneous 
counting may take place at the time of tracking count 
operation is lowered. In addition, the information signal 
amplitude from the area including pits is ensured. 
20 Namely, in accordance with this invention, in the 
area comprised of only grooves and the area where pits 
exist between respective grooves, an approach can be 
made such that the polarities and the magnitudes of 
push-pull signals (from the respective areas), which are 
25 the most important for the purpose of taking tracking of 
laser beam spot, are not caused to be changed. 

Since the previously described effect can be 
obtained also in the case where the laser beam spot 
crosses (traverses) the header area (area from which 
30 address signal is obtained) of the optica) disc, errone- 
ous count can be reduced in the case of the system in 
which the push-pull signal is used for the track counting 
operation. 

35 Brief Description of the Drawings 

FIG. 1 is a model view showing surface configura- 
tion of optical disc base where pits and grooves are 
formed. 

40 FIG. 2 is a model view for explaining the principle of 
the push-pull method. 

FIG. 3 is a characteristic diagram showing, in a 
comparative manner, push-pull signal by the grooves 
and push-pull signal by the pits. 

45 FIG. 4 is a characteristic diagram conceptually, 
along with TCS signal, the state of change of push-pull 
signal by depth of groove. 

FIG. 5 is a characteristic diagram showing a typical 
example of push-pull signal including noises. 

so FIG. 6 is a characteristic diagram showing push- 
pull signal in which the pit depth is caused to be reason- 
able so that noise is reduced. 

FIG. 7 is a characteristic diagram showing change 
of push-pull signal by pit depth Dp. 

55 FIG. 8 is a characteristic diagram showing the state 
of push-pull signal in the case where track where pits 
exist and track where no pit exists are adjacent to each 
other. 

FIG. 9 is a characteristic diagram showing change 
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of TCS signal by pit depth Dp. 

FIG. 10 is a characteristic diagram showing, in a 
model form, groove width and groove depth depend- 
ency of TCS signal and push-pull signal. 

Best Mode for Carrying Out the Invention 

FIG. 1 represents, in a model form, the surface con- 
figuration of an optical disc base (substrate) where 
grooves G and emboss shaped pits P are formed. In this 
case, the area where the pits P are formed corresponds 
to the header portion. In this example, reflection film, 
recording film, and dielectric film and/or protective film, 
etc. are formed by a configuration corresponding to use 
(purpose) on the base so that the optical disc is pro- 
vided. 

When laser beams are irradiated onto the optical 
disc in the in-focus state to scan (seek) the laser (beam) 
spot in the radial direction of the disc, push-pull signal is 
observed. In the figure, arrow A indicates the state 
(direction) where the portion comprised of only grooves 
(groove portion or area) is scanned, and arrow B indi- 
cates the state (direction) where the portion including 
pits (the pit portion or area) is scanned. 

The push-pull method is a method of taking out light 
reflected and diffracted at track on the disc as an output 
difference at two light receiving portions (photo-detect- 
ing portions) on the bi-sected detector PD symmetri- 
cally disposed with respect to the track center to thereby 
detect tracking error. 

The explanatory view of the principle is shown in 
FIG. 2. 

In the case where the center of the laser spot and 
the center of the guide groove G are in correspondence 
with each other, reflected and diffracted light symmetri- 
cal in left and right directions can be obtained. In con- 
trast, in the case where those centers are not in 
correspondence with each other, there results reflected 
and diffracted light asymmetrical in left and right direc- 
tions. As a result, difference in the light intensity 
obtained at (respective detecting portions of) the bi- 
sected photodetector PD takes place. 

' A difference signal between output signals from 
these two photo-detecting portions is obtained as a 
push-pull signal having polarity, and is used for tracking. 

Moreover, when a difference between output sig- 
nals obtained by the two photo-detecting portions when 
the laser spot crosses (traverses) the track at the time of 
track access is taken, the difference signal thus 
obtained represents S-shaped curve. 

For example, the push-pull signal (S-shaped curve) 
obtained from the grooves and the push-pull signal (S- 
shaped curve) obtained from the pits are indicated as 
shown in FIG. 3. A signal obtained by combining (syn- 
thesizing) these both signals results in an actual push- 
pull signal obtained at the header portion. 

In this case, in accordance with the study of the 
inventor of this application, it has been found that the 
push-pull signal changes in dependency upon depth of 



the groove or the pit and its polarity is inverted with X/4 
(X is wavelength of laser beams) being as the boundary. 

Let now consider the case where the push-pull sig- 
nal from the grooves and the push-pull signal from the 

5 pits are the same. It is to be noted that since the push- 
pull signal from the grooves is the primary push-pull sig- 
nal, the depth of the groove is caused to be value (A/8) 
where (the amplitude of) the push-pun signal becomes 
maximum in FIG. 4. 

io As shown in FIG. 3A, the push-pull signal by 
grooves crosses (traverses) the base line (line of the 
center value) at the centers of respective grooves. At 
this time, the crossing (traversing) direction is the upper 
direction (the polarity of the push-pull signal at this time 

75 is assumed to be positive). 

On the other hand, the pits exist at the intermediate 
portions between the respective grooves, and the push- 
pull signal by pits is as shown in FIG. 3B. In the case 
where setting is made with respect to the depth of pit 

20 such that (polarity of) the push-pull signal is positive, the 
push-pull signal is as indicated by tine s in FIG. 3B. At 
the centers of respective pits, similarly to the previously 
described push-pull signal by grooves, the direction in 
which the push-pull signal crosses (transverses) the 

25 base line is the upper direction. On the other hand, at 
the respective groove centers, that direction is the lower 
direction. 

As a result, at the groove centers, there results the 
state where the push-pull signal by grooves is canceled 

30 by the push-pull signal by pits. Thus, (the signal ampli- 
tude of) the resultant push-pull signal is greatly lowered. 
As a result, large noise is observed. 

The signal actually observed is shown in FIG. 5. 
This FIG. 5 shows the state where the push-pull signal 

35 is observed at the pit portion (the groove portion with 
header which corresponds to (the area scanned in the 
direction indicated by) arrow B). 

It is found from this figure that signals (signal com- 
ponents) from the pits P are superposed on the (result- 

40 ant) push-pull signal PP as respective noises (noise 
components) N, and there thus results high possibility 
that erroneous counting may take place, eg., at the time 
of tracking count operation by the push-pull signal. 
On the contrary, in the case where setting is made 

45 with respect to the depth of the pit such that the push- 
pull signal becomes negative, the push-pull signal by 
pits is as indicated by line m in FIG. SB. At the respec- 
tive groove centers, when the light spot moves (shifts) 
from the left to the right in the figure, the direction in 

so which the push-pull signal crosses (traverses) the base 
line is the upper direction. This direction is the same 
direction as that of the push-pull signal by grooves. 
Accordingly, there is no possibility that there results 
great towering in the push-pull signal by grooves. 

55 FIG. 6 shows the state where the push-pull signal is 
observed at the pit portion (the groove portion with 
header which corresponds to (the area scanned in the 
direction indicated by) the arrow B) when such a setting 
is made. Noise N is hardly observed. 
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' How the push-pull signal (P-P) and the TCS (Track- 
cross signal) change when the depth of the pit is actu- 
ally changed was studied on the basis of the above- 
mentioned finding. 

. In the above-mentioned study, parameters 
employed are as indicated in the Table 1. In addition, 
scalar analytic method of diffraction was used in the 
analysis. 

Table 1 

Reproduction Optical System 

Laser Wavelength : 680nm 

Lens NA : 0.55 

Filling of Lend: 1.0/1.0 
Disc 

Material : Polycarbonate (refractive index n = 1.59) 

Track Pitch: 1.10 pm 

Groove Width : 0.3^m 

Groove Depth : X/S 

Groove shape : Parabola 

Pit Depth : 0, X/4. 7A/24, X/3, 3X78 

Pit Width: 0.2 jim 

Gradient of Pit Edge : O.OSfxm 

FIG. 7 is a diagrammatical view showing difference 
of the push-pull signal by the depth Dp of the pit. In this 
figure, the right end and the left end correspond to the 
track center. Accordingly, the push-pull signal when the 
light spot crosses (traverses) a single track is indicated 
with the signal intensity being taken on the ordinate in 
FIG. 7. 

Moreover, in the figure, the solid line a indicates the 
push-pull signal in the groove area (the pit depth Dp=0 
which corresponds to (the area scanned in the direction 
indicated by) the arrow A in the FIG. 1 mentioned 
above), and other lines b, c, d, e indicate push-pull sig- 
nals in the areas including pits different in depth (here- 
inafter each simply referred to as the pit area as 
occasion may demand) (In the figure, the line b indi- 
cates the push-pull signal at the pit depth of 7J4n, the 
line c indicates the push-pull signal at the pit depth of 
7A/24n, the line d indicates the push-pull signal at the pit 
depth of X/3n, and the line e indicates the push-pull sig- 
nal at the depth of 3X/8n. 

It has been found from this figure that the push-pull 
signal in the pit area has substantially the same inten- 
sity as that of the push-pull signal in the groove area 
when the pit depth Dp is equal to 3A78n. 

Further, FIG. 8 is a cfiagram showing push-pull sig- 
nals similar to the above in connection with the case 
where the track where pits exist and the track where no 
pit exists are adjacent to each other. 



In FIG. 8, the line f indicates the push-pull signal in 
the state where only grooves exist, and the line g indi- 
cates the push-pull signal in the state where the track 
where pits exist and the track where no pit exist are 
5 adjacent to each other. In this case, the depth Dp of pit 
is 3X78n. 

Also in this case, the influence that the pit exerts on 
the push-pull signal can be hardly observed. Even if a 
track having pit at one side and a track having no pit at 

io the other side are adjacent to each other, the deviation 
quantity of push-pull is less than 0.01 \m. This value is 
very small as compared to the track pitch. 

On the other hand, a TCS signal when the depth Dp 
of pit is changed is shown in FIG. 9. From this FIG. 9, 

is change of the pit modulation factor (degree) based on 
difference of pit depth Dp can be recognized. 

When viewed from this figure, the pit modulation 
factor becomes maximum when the pit depth Dp is a 
value in the vicinity of XMn ( I SM /I ^ « 0.89 : When pits 

20 exist at respective tracks, Ism/Iql becomes equal to 
0.84), and the pit modulation factor is decreased by 
about 25% when the pit depth Dp is equal to 3X/8n 
(*sm"ol = 0,54 : Wh® 0 P* te exist at respective tracks, 
Ism/Iol is equal t0 0.51). 

25 While, in consideration of the data accuracy, etc., in 
the prior art. the pit depth Dp was set to X74n so that the 
information signal amplitude from the pit area becomes 
maximum, setting is assumed to be made in this inven- 
tion such that the pit depth Dp is a value in the vicinity of 

30 3A/8n in consideration of the push-pull signal for track- 
ing. 

In this case, also as previously indicated, the pit 
modulation factor is somewhat decreased, but decrease 
of the pit modulation factor to such a degree can be tol- 
as erabie (allowed). In this connection, the tolerance 
(allowable) limit (limitation) in the ISO standard (e.g., 
ISO-IEC-DIS 14517: magneto-optical disc cartridge 
having diameter of 130 mm and disc memory capacity 
of 2.6 GB) is expressed as 0.45 <. 1 8M /I ^ £ 0.95 . 
40 FIG. 1 0 shows, by the contour (value) line, the state 
of change of the push-pull signal and the TCS signal 
when the depth and the width of the groove are used as 
parameter. (The condition is recited as below.) 

45 ( Condition > 

Disc: Track pitch 1 . 1 urn 

Groove shape Parabola 
Polycarbonate base (substrate) 
so (refractive index 1 .58) 

Optical system: Wavelength X 680 nm 
NA 0.55 

It can be seen from this FIG. 10 that when the 
55 groove becomes deep, the polarity of the push-pull sig- 
nal is inverted. 

The gist of the invention of this application resides 
in that such inverting phenomenon of the push-pull sig- 
nal is applied to the optical disc including the area 
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where grooves and pits are mixed to thereby suppress 
lowering of the push-pull signal at the pit portion. 

The fact that the modulation factor of the pit is 
caused to be maximum corresponds to the fact that (the 
amplitude of) the TCS signal is caused to be large, s 
When the area of the groove width of 0-3 ~ 0.4 jim is 
assumed, the area where (the amplitude of) the TCS 
signal is large within the inverting push-pull area of) the 
TCS signal is large within the inverting push-pull area is 
the area where the groove depth is 140 - 220 nm. It is io 
thus sufficient to employ pits of this depth. 

Accordingly, when it is assumed that the pit width is 
taken on the ordinate and the pit depth is taken on the 
abscissa in FIG. 10, it is sufficient to make a setting 
such that the pit depth becomes equal to the depth cor- 75 
responding to the slanting line area in the figure. 

In more practical sense, it can be seen from this 
FIG. 10 that, in order to ensure the required push-pull 
signal intensity while ensuring the TCS signal intensity, 
it is sufficient to set the pit depth Dp so as to fall within 20 
the range of 0.32 X/n - 0.51 X/n . 

Claims 

1 . An optical disc adapted so that concentrical or spi- 25 
ral guide grooves are formed at a base, and 
emboss shaped pits are molded between these 
respective guide grooves, 

wherein depth of the pits is set so that a 
push-pull signal by the pits is caused to have 30 
reverse polarity with respect to a push-pull signal by 
the guide grooves. 

2. An optical disc as set forth in claim 1 , 

wherein when wavelength of reproduction 35 
laser beams is X, refractive index of the base is n, 
and track pitch is t, 

the depth Dp of the pit is set so as 
to fall within the range expressed as 
0.32 X/n ^ Dp < 0.51 X/n , the width Wp of the pit 40 
is set so as to fall within the range expressed as 
0.27 1 £ Wp £ 0.36 1 , and depth Dg and width 
' Wgof the guide groove are respectively set so 
as to fal{ within the ranges expressed as 
0.0875 X/n £ Dg £ 0.1625 X/n and expressed as 45 
0.27t*Wgs0.36t. 
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PUSH-PULL SIGNAL [arb. unit] 
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